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Eukaryotic cells have evolved molecular mechanisms to ensure the faithful partitioning of cellular components during cell division. The
budding yeast Saccharomyces cerevisiae has to actively deliver about half of its organelles to the growing bud, while retaining the remaining
organelles in the mother cell. Until lately, little was known about the inheritance of peroxisomes. Recent studies have identified the peroxisomal
proteins Inp1p and Inp2p as two key regulators of peroxisome inheritance that perform antagonistic functions. Inp1p is required for the retention
of peroxisomes in mother cells, whereas Inp2p promotes the bud-directed movement of these organelles. Inp1p anchors peroxisomes to the cell
cortex by interacting with specific structures lining the cell periphery. On the other hand, Inp2p functions as the peroxisome-specific receptor for
the class V myosin, Myo2p, thereby linking peroxisomes to the translocation machinery that propels peroxisome movement. Tight coordination
between Inp1p and Inp2p ensures a fair and harmonious spatial segregation of peroxisomes upon cell division.
© 2006 Elsevier B.V. All rights reserved.Keywords: Peroxisome; Inheritance; Budding yeast; Inp1p; Inp2p; Myo2p1. Introduction
The faithful inheritance of organelles during cell division is
essential to maintain the advantages of increased metabolic
efficiency afforded to eukaryotic cells by subcellular compart-
mentalization. Given the many different types of membrane-
bound organelles present in a typical eukaryotic cell, ensuring
the correct delivery of a specific organelle to a specific
destination at a specific time requires a tightly regulated system
of transport for each organelle.
Many recent advances in how organelles partition between
mother and daughter cells have come from studies of the yeast
Saccharomyces cerevisiae. Cell division in S. cerevisiae is
asymmetrical, with the formation of a bud that is initially much
smaller than its mother. Therefore, in contrast to cells that divide
by fission, S. cerevisiae must actively and vectorially deliver its
organelles to the growing bud [1].
Several cellular components can be envisioned for the correct
partitioning of organelles in budding yeast during cell division: a
translocation machinery consisting of a “track” to direct⁎ Corresponding author. Tel.: +1 780 492 9868; fax: +1 780 492 9278.
E-mail address: rick.rachubinski@ualberta.ca (R.A. Rachubinski).
0167-4889/$ - see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.bbamcr.2006.08.015organelle movement and a “motor” to power this movement; a
target site for an organelle at the destination, i.e., in the bud; and
an anchoring system to retain a subset of the organelle
population in the mother cell [2]. As part of this process,
organelles can undergo dynamic membrane changes, including
fragmentation, fusion or tubulation that are also crucial for
proper organelle segregation and which need to be temporally
coordinated with the cell cycle. In addition, most organelles
proliferate to maintain organelle homeostasis in terms of number
and volume.
The intracellular transport of organelles in S. cerevisiae is
almost exclusively supported by actin networks and powered
by myosin motor proteins that associate with these networks.
The transport of peroxisomes is no exception. Peroxisome
movement is dependent on the actin cytoskeleton and powered
by Myo2p, a class V myosin [3]. During cell division,
peroxisome movement follows a well-defined sequence of
events [4,5]. Most peroxisomes are immobile at the periphery
of cells. As soon as a bud becomes clearly visible, pero-
xisomes start moving to the nascent bud. During bud growth,
peroxisomes are recruited one by one from their static cortical
positions and transported towards the bud. About half of the
peroxisomes display this bud-directed movement by the time
1670 M. Fagarasanu et al. / Biochimica et Biophysica Acta 1763 (2006) 1669–1677cytokinesis occurs, while the other half remains anchored in
the mother cell. Interestingly, peroxisomes in the bud
concentrate at sites of polarized cell growth, initially
clustering at the bud tip. During cytokinesis, a few pero-
xisomes in both the bud and in the mother cell relocate to the
bud–neck region, while the remaining peroxisomes are
immobile and localized to the bud and mother cell cortices.
Since the process of peroxisome segregation is well ordered,
tight regulatory control must exist to ensure an equitable
distribution of peroxisomes between mother and daughter
cells. Cellular components involved specifically in peroxisome
inheritance are now coming to light. Recently, two perox-
isomal proteins, termed Inp's for their roles in the Inheritance
of peroxisomes, have been found that function in peroxisome
partitioning.
2. Inp1p
2.1. Peroxisomes are actively retained in the mother cell
An essential feature of the process of organelle inheritance in
S. cerevisiae is the retention of a subset of organelles in the
mother cell. Although the anchoring of organelles in the mother
cell has long been proposed, the existence of components that
function directly in this process or the mechanisms underlying it
have remained elusive.
Evidence for the presence of a mechanism that actively
anchors organelles within the mother cell during cell division
has come from studies on mitochondria [6]. During cell division,
portions of mitochondrial tubules are immobilized at a specific
anchoring area in the mother cell, situated at the yeast cell pole
distal to the bud site and now designated the “retention zone”.
Retention at this location prevents a subset of mitochondria from
being transferred to the bud, resulting in effective segregation
upon cytokinesis. Moreover, mitochondrial retention was shown
to be dependent on the actin cytoskeleton, as these organelles in
the retention zone colocalized with actin cables, and a specific
mutation affecting actin dynamics disturbed their retention [6].
This was the first demonstration that organelles need to be
actively retained in the mother cell to ensure their correct
partitioning during cell division.
Similarly, about half of the peroxisome population has to
be retained by the mother cell during cell division. The
peroxisomes in the mother cell are located at the cell
periphery, but, in contrast to mitochondria, there is no specific
retention zone for peroxisomes. Theoretically, the distribution
of peroxisomes between mother cell and bud could be a time-
dependent passive process, indirectly controlled by cytokin-
esis or, alternatively, a process in which peroxisomes are
actively retained in the mother cell independent of the duration
of the cell cycle. To distinguish between these possibilities, S.
cerevisiae was treated with hydroxyurea to arrest cells in S
phase leading to a protracted opening of the bud neck [4].
Under these conditions, peroxisomes remained equally dis-
tributed between mother cell and the now hyperelongated bud.
These results showed that peroxisomes are actively retained in
the mother cell.2.2. Inp1p attaches peroxisomes to the cell cortex
A global microscopy study of protein localization in
S. cerevisiae [7] led to the identification of the first peroxisomal
protein involved in peroxisome inheritance, Inp1p [4]. The main
feature of cells lacking Inp1p was seen to be an abnormal
distribution of peroxisomes along the mother–bud axis. A
significant proportion of mother cells was found to be devoid of
peroxisomes, with the entire peroxisome population concen-
trated in the buds. Moreover, in vivo video microscopy of
inp1Δ cells showed that all peroxisomes, while still in the
mother cell, displayed chaotic movements, and no peroxisome
maintained a fixed cortical position for a prolonged period of
time, as was observed in wild-type cells. This lack of anchoring
of peroxisomes resulted in their complete transfer to the newly
formed bud, a situation never observed in wild-type cells. These
results strongly suggested a role for Inp1p in the retention of
peroxisomes at the cell periphery. Consistent with this role,
overproduction of Inp1p caused all peroxisomes in the mother
cell to maintain fixed cortical positions, thereby preventing their
normal transfer to the daughter cell. Moreover, in glucose-
grown cells, a condition in which cells have few peroxisomes,
overproduced Inp1p-GFP, in addition to being localized to
peroxisomes where it normally resides as a peripheral mem-
brane protein, also localized to the cell cortex. This observation
showed that the peroxisomal protein Inp1p has an intrinsic
affinity for structures lining the cell periphery. It is therefore
likely that Inp1p attaches peroxisomes to an as of yet uniden-
tified cortical anchor (Fig. 1).
In wild-type cells, the immobilization of peroxisomes at the
cell cortex is also observed in the bud before cytokinesis occurs.
This process probably prepares the bud for the ensuing cell
cycle, when again about half of the peroxisomes need to be
retained (Fig. 1). Inp1p most probably plays an important role in
this process, as judged by the high frequency of peroxisomes
that aberrantly return back to the mother cell in cells lacking
Inp1p [4].
2.3. Inp1p is a cell cycle-regulated protein
The accurate partitioning of peroxisomes between mother
cell and bud is an ordered process that progresses in distinct
steps through the cell cycle. Inp1p protein levels increase and
decrease during the cell cycle, peaking at the G2-M transition.
That time of the cell cycle at which Inp1p levels are highest
probably represents that point of the cycle at which there is a
need for maximum retention of peroxisomes by the mother cell.
Inp1p might increase in amount only on a subset of peroxisomes
that become prone to anchoring at the cell cortex. Alternatively,
Inp1p might be fairly equally distributed on all peroxisomes,
and other regional regulatory mechanisms and molecules could
themselves act through Inp1p to modulate the anchoring of
peroxisomes to the cell cortex. Interestingly, even though Inp1p
levels oscillate, a significant amount of Inp1p can be detected
throughout the cell cycle, indicative of a constant need for Inp1p
during cell division. This observation is consistent with the
presence of anchored peroxisomes at the cell cortex during all
Fig. 1. A model for the actions of Inp1p and Inp2p in peroxisome inheritance. Peroxisomes are positioned at the cell cortex within the mother cell. Inp1p acts to link
peroxisomes to a cortical anchor and retain peroxisomes in the mother cell. At a point in the cell cycle, Inp2p is synthesized and loaded onto selected peroxisomes. The
increased levels of Inp2p on these peroxisomes result in the formation of Inp2p–Myo2p transport complexes that dislodge peroxisomes from their fixed cortical
positions. Myo2p moves the attached peroxisomes along polarized actin cables into the bud. In the bud, the Inp2p–Myo2p complexes are long-lived and responsible
for localizing peroxisomes to sites of active growth at which Myo2p is concentrated. This represents a retention mechanism for those peroxisomes inherited by the
daughter cells. The regulated turnover of Inp2p later in the cell cycle results in detachment of peroxisomes from the Myo2p motor, and only a few peroxisomes follow
Myo2p to the mother–bud neck at cytokinesis. The remaining peroxisomes become anchored at the bud cortex, a process dependent on Inp1p. This prepares the bud
for the ensuing cell cycle, when, as a mother cell, it will have to retain half of its peroxisomes.
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to contain a PEST sequence between amino acids 279 and 362
[4,8]. Future studies will determine if this PEST sequence is
involved in the cell cycle-dependent degradation of Inp1p.
2.4. A dual role for Inp1p in peroxisome inheritance and
peroxisome division
Another characteristic of cells lacking Inp1p is the presence
of reduced numbers of enlarged peroxisomes as compared to
wild-type cells under the same condition. This phenotype
could result merely from the unbalanced partitioning of
peroxisomes during cell division or, alternatively implicates
Inp1p directly in the process of peroxisome division. The
interactions of Inp1p with Pex25p, Pex30p and Vps1p [4], all
of which have been implicated in peroxisome division
[3,9,10], support the latter alternative. Thus, Inp1p appears
to have a dual role in both the inheritance and the division of
peroxisomes in S. cerevisiae. Conceptually, the two processes
might be linked. The machinery that divides peroxisomes
might require having an anchored, static peroxisome as a
substrate. Moreover, cortical structures might play an active
role in parceling peroxisomes into smaller quanta. If these two
processes, peroxisome division and peroxisome anchoring, are
not intrinsically linked, different domains of Inp1p might be
responsible for each of the two functions. In the two processes
are linked, they are not genetically dissectible in the Inp1p
molecule.Other proteins are known to influence both the morphology
of organelles and their distribution. Mdm10p [11], Mdm12p
[12], and Mmm1p [13] are mitochondrial outer membrane
proteins that affect mitochondrial shape and segregation.
These proteins affect the retention of mitochondria within the
mother cell [6] and also Myo2p-independent mitochondrial
movement [14]. Mutation of any one of these proteins results
in the presence of giant, spherical mitochondria that exhibit
defects in partitioning at cell division.
3. Inp2p
3.1. The class V myosins in S. cerevisiae
In most eukaryotic cells, the intracellular transit of
organelles is supported by both microtubule and microfila-
ment (F-actin) networks. The long-distance transport of
organelles from the cell center to the cell periphery or vice
versa is dependent on microtubule tracks and their associated
kinesin and dynein motors. At the cell periphery, organelles
are captured by myosin motors, allowing them to then
display short-range actin-based motility. Coordination
between the two cytoskeletal systems is required to ensure
the correct positioning of intracellular compartments. In
contrast to this dual cytoskeletal transport system, the trans-
port of most organelles in the cells of S. cerevisiae is depen-
dent exclusively on microfilaments and is powered by class V
myosins.
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that dimerize through a coiled-coil region to produce a two-
headed protein. The two amino-terminal heads associate with
actin and are responsible for converting the energy released by
ATP hydrolysis into mechanical work. Class V myosin motors
advance along the actin filaments using a hand-over-hand
“walking” movement, in which the two heads alternate in the
lead with each step [15]. The carboxyl-terminal region of class
V myosins consists of a globular/cargo-binding domain
(sometimes referred to as the tail), specialized in binding to
cargo via adaptor “receptor” protein complexes [5,16–19].
Class V myosins are highly processive motors in that they can
take hundreds of steps along the underlying actin filament
before dissociating, thereby ensuring efficient transport of their
cargoes over micrometer distances [20]. Each step a class V
myosin takes is 37-nm long, which corresponds to the helical
periodicity of the actin filament [21,22]. This ensures that an
individual class V myosin walks straight along the longitudinal
axis of the actin filament, eliminating the necessity of spiraling
around it and thus reducing viscous drag [20]. All these features
make class V myosin motors ideally suited for organelle
trafficking.
Myo2p and Myo4p are the only two class V myosin motors
present in budding yeast (reviewed in [23,24]). Myo4p is not
essential and is involved the inheritance of cortical ER [25] and
in the bud-directed transport of at least 24 mRNAs [26]. In
contrast, Myo2p is essential, since it is required for the polarized
transport of post-Golgi secretory vesicles [27,28], a process
indispensable for yeast growth. In addition, Myo2p has been
implicated in the movement of many organelles for their proper
segregation, including late compartments of the Golgi [1], a
portion of the vacuole [29,30], and peroxisomes [3]. Myo2p is
also required for orientation of the intranuclear mitotic spindle
[31,32] and appears to play a role in mitochondrial inheritance
[33,34].
Interestingly, even though many organelles are carried by the
same myosin motor, Myo2p, their intracellular itineraries, while
similar to some extent, are not identical. These differences result
from the distinct times in the cell cycle during which an
organelle displays Myo2p-dependent targeting, suggesting that
the association of Myo2p with each organelle is specifically
regulated.
How can the Myo2p tail select among its different cargoes in
such a highly regulated manner so as to permit the establishment
of characteristic patterns of movement for each organelle during
the cell cycle? Importantly, distinct Myo2p functions are
genetically dissectible within the Myo2p tail. For example,
mutations in the Myo2p cargo binding domain were found that
disrupt specifically either vacuole inheritance or polarized
secretion [30,35]. Moreover, the coexpression of two different
copies of MYO2, one bearing a mutation preventing vacuole
segregation and the other a deletion abolishing polarized
secretion, resulted in normal vacuole inheritance and cell
growth [30]. It has therefore been proposed that each organelle
has its own Myo2p-specific receptor that binds to different
regions in the Myo2p tail. Reasonably, the control of cargo
movement could be achieved by regulating these organelle-specific factors or/and by conformational changes in Myo2p
that could influence the exposure of different attachment sites
on the Myo2p surface. The discovery of Vac17p, the vacuole-
specific receptor for Myo2p, as a cell-cycle regulated protein
[19,36] strongly suggested that organelle-specific receptors are
the main target for regulation of organelle motility. Recently, the
2.2-Å resolution crystal structure of the globular tail of Myo2p
has been determined [37]. One important finding was that the
binding sites on Myo2p for vacuoles and secretory vesicles are
very distant from one another and simultaneously exposed on
the Myo2p surface. This finding again suggested that cargo-
specific receptors, rather than Myo2p itself, dictate the timing of
Myo2p attachment to organelles.
3.2. Inp2p links peroxisomes to Myo2p
Recently, screening of a yeast haploid deletion library to
identify strains compromised in peroxisome inheritance led to
the identification of Inp2p as a protein with all the character-
istics expected for such a receptor [5] (Fig. 1). First, Inp2p is a
peroxisomal membrane protein that interacts with the globular
tail of Myo2p, as shown by both yeast two-hybrid analysis and
in vitro binding. Thus, Inp2p directly binds to the Myo2p cargo
binding domain. Second, peroxisomes in cells lacking Inp2p
fail to be correctly partitioned to daughter cells, often resulting
in mother cells retaining the entire complement of peroxisomes.
Also, the overall velocities of peroxisomes in cells lacking
Inp2p are decreased, and the movements displayed by
peroxisomes were chaotic, as opposed to the fast, bud-directed
vectorial movements of peroxisomes observed in wild-type
cells. Third, the levels of Inp2p oscillate with the cell cycle in a
pattern that parallels the peroxisome dynamics observed in
wild-type cells. Fourth, Inp2p is not present in equal amounts on
all peroxisomes but is found to be preferentially enriched in
those peroxisomes that display Myo2p-dependent targeting, i.e.
peroxisomes that are present at sites of polarized growth. Fifth,
upon overproduction of Inp2p, the entire peroxisome popula-
tion accumulates at the sites of polarized growth, thereby
depleting mother cells of peroxisomes. Sixth, the specificity of
Inp2p for peroxisome inheritance was shown by the observation
that other organelles are segregated normally in cells either
lacking or overproducing Inp2p. This showed that lack of Inp2p
does not perturb peroxisome inheritance by grossly affecting
cell polarity or disrupting the acto-myosin system.
3.3. The dynamics of Inp2p during the cell cycle
Levels of both mRNA encoding Inp2p [38] and Inp2p itself
[5] fluctuate during the cell cycle in a pattern that parallels the
dynamics of peroxisomes. Inp2p starts to accumulate during
early budding when peroxisome inheritance begins, and its
abundance is maximal in medium-sized budded cells when
most peroxisomes transfer from mother cells to buds. Later in
the cell cycle, Inp2p levels start to decrease and return to basal
levels before cytokinesis. This fluctuation in Inp2p levels
strongly suggests that Inp2p-regulated synthesis and turnover
coordinate peroxisome motility with the cell cycle.
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Inp2p-GFP levels in individual peroxisomes vary significantly,
being greatest in those peroxisomes delivered to the bud. This
results in a highly polarized Inp2-GFP signal along the cell
division axis. Since Inp2p is crucial for the delivery of
peroxisomes to daughter cells, as judged by the phenotype of
cells lacking Inp2p, it is tempting to propose that Myo2p
selectively carries those peroxisomes having increased amounts
of Inp2p to the growing bud. Intriguingly, analysis of Inp2p-
GFP dynamics during the cell cycle showed that Inp2p-GFP is
first detected in peroxisomes localized to the bud [5]. One
explanation for this observation is that initially the amount of
Inp2p-GFP in peroxisomes is below the threshold of detection,
but upon the clustering of several Inp2p-containing peroxi-
somes at the bud tip, the Inp2p-GFP fluorescent signal becomes
discernable. However, later in the cell cycle, individual
peroxisomes in daughter cells can be observed that have a
much stronger Inp2p-GFP signal than any peroxisome in
mother cells [5]. This suggests that those peroxisomes that were
initially capable of recruiting Inp2p to their membranes
continue to recruit more Inp2p, further contributing to the
polarization of the Inp2p-GFP signal along the division axis.
Therefore, the Inp2p gradient along the division axis is
established by the ability of a subset of peroxisomes to
continuously accumulate Inp2p, coupled with the selectivity of
Myo2p in transporting only these Inp2p-containing peroxi-
somes into the bud.
Why is it beneficial for peroxisomes to accumulate more
Inp2p once they have been delivered to the bud? The
continuous accumulation of Inp2p on transferred peroxisomes
increases their probability of remaining attached to the Myo2p
motor. This could contribute to the retention of peroxisomes in
daughter cells. Indeed, video microscopy of myo2-66 mutant
cells, which carry a single amino acid substitution in the
Myo2p motor domain [27,39], showed that Myo2p motor
activity is important not only for the vectorial transport of
peroxisomes from mother cell to bud but also for their
retention at bud tips [5]. Moreover, peroxisomes in inp2Δ
budded cells that are localized to buds do not exhibit any
preference for sites of polarized growth at which Myo2p
accumulates. Myo2p is known to play a similar role in the
retention of other organelles at the bud tip [1,29,33]. Class V
myosins in general participate in the retention of organelles at
different intracellular locations [40–42]. It has been proposed
that the processivity of class V myosins, and hence their
prolonged contact with actin tracks, might underlie their role
as organelle tethers [21].
Inp2p is degraded later in the cell cycle, which results in
disassembly of the Inp2p–Myo2p transport complex. As a
result, few peroxisomes still display an Inp2p–GFP fluorescent
signal at cytokinesis. Only these peroxisomes accompany
Myo2p to the mother bud–neck region, where Myo2p is
required for septum deposition [5]. Interestingly, the remaining
peroxisomes have already assumed static positions at the bud
cortex. This probably indicates that peroxisomes are deliber-
ately released to specific locations in the bud, which thereby
become destinations for transport.Termination of organelle movement by disassembly of
transport complexes is a phenomenon that has been observed
also in the context of vacuole inheritance [36]. Shortly after the
vacuole enters the bud, Vac17p is degraded in a PEST-dependent
manner, releasing Myo2p from the vacuolar membrane and
resulting in deposition of the vacuole in the center of the bud
[36]. It would be of interest to determine whether the degradation
of receptors for molecular motors at a destination is a general
mechanism by which the delivery of cargoes to their correct
locations within cells is regulated [43].
It is beneficial for the cell to detach Myo2p from organelles
that have been delivered to the bud. The release of Myo2p from
segregating organelles allows it to perform other functions, such
as the transport of secretory vesicles. Polarization of post-Golgi
secretory vesicles, in contrast to organelle segregation, is
required throughout bud growth [24].
The timing of Inp2p degradation must be tightly controlled,
since Inp2p levels decrease at a specific point in the cell cycle.
The degradation of Inp2p, apart from causing the release of
transferred peroxisomes from the grip of Myo2p, will also
prevent new recruitments of additional peroxisomes from the
mother cell. This would explain why the degradation of Inp2p is
triggered somewhat later in the cell cycle, when sufficient
peroxisomes have been transmitted to the bud [5].
Normally, peroxisome partitioning and cell cycle progres-
sion are correlated with each other, with about half of the
peroxisome population being delivered to the bud at approxi-
mately the same stage of the cell cycle. Thus far, it has been
assumed that the regulated degradation of Inp2p is inherently
initiated at a specific point of the cell cycle. An alternative
possibility is that sensors exist that respond to the proportion of
the peroxisomal population that has been delivered to the bud
(or left the mother cell) and, if about half of the peroxisomes
have reached the bud, signals are sent that will trigger the
degradation of Inp2p. One can distinguish between these two
possibilities by following the dynamics of Inp2p when
peroxisome inheritance is artificially uncoupled from events
of the cell cycle. One way to achieve this is to first isolate a
mutant form of Myo2p that is specifically defective in
transporting peroxisomes. Cells harboring such a Myo2p
mutant as the sole copy of Myo2p should produce buds devoid
of peroxisomes but would be able to progress normally through
the cell cycle, thereby resulting in the dissociation of the two
processes: peroxisome segregation and cell-cycle progression.
If, under these conditions, Inp2p levels aberrantly accumulate
instead of cycling, cellular surveillance mechanisms that
monitor peroxisome partitioning must underlie the Inp2p
downregulation observed in wild-type cells. Conversely, if
Inp2p continues to cycle normally, then degradation of Inp2p is
cell cycle-dependent and independent of the completion of
peroxisome segregation.
How does Inp2p get loaded preferentially on only a subset
of peroxisomes? Studies investigating the mechanism of
mitotic spindle alignment may provide some insight into this
question. Budding yeast has to align its intranuclear mitotic
spindle along a polarity axis pre-established by the site of
bud emergence. Myo2p is directly involved in orienting the
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tubules into the bud. The adaptor/receptor protein that links
Myo2p to the microtubule ends is Kar9p [31,44], which
associates with microtubules in a Bim1p-dependent manner.
Kar9p is loaded only onto the older (inherited from the
previous cell division) spindle pole body (SPB) and then
translocates down the cytoplasmic microtubules that emanate
from this SPB [45,46]. Kar9p is prevented from associating
with the new SPB through its phosphorylation by Clb4p–
Cdc28p, which inactivates it. Clb4p specifically binds the
new SPB, which is destined for the mother cell, inactivating
Kar9p only at this location [46]. The microtubules associated
with the new SPB will not be decorated with Kar9p and
therefore will not be directed to the daughter cell. The
asymmetric loading of Kar9p thus ensures that only one
spindle pole is transmitted to the bud, resulting in proper
alignment of the mitotic spindle with the cell division axis
[24]. Similarly, Inp2p is enriched in a subset of peroxisomes,
and only these Inp2p-containing peroxisomes are destined for
the daughter cell. It would be interesting to see if inhibitory
factors are present on the remaining peroxisomes that prevent
their recruitment of Inp2p. Also, as in the case of spindle
poles, there might be a correlation between the age of diffe-
rent peroxisomes and their ability to recruit Inp2p. During the
constitutive division of peroxisomes, a process required for
maintenance of the peroxisomal population during cell
division, new peroxisomes arise from older, parental peroxi-
somes. Various membrane constituents might segregate
asymmetrically during peroxisome division, conferring dif-
ferent affinities for Inp2p on daughter and parental peroxi-
somes. On the other hand, peroxisomes can also form de
novo from the ER, even when the fission of pre-existing
peroxisomes is possible [47–49]. The maturation process of
these newly formed peroxisomes might also relate the age of
different peroxisomes to their abilities to be transported into
the daughter cell.
Inp2p is an integral membrane protein of peroxisomes and
contains a putative membrane-spanning region between amino
acids 211–239. However, the vacuolar Myo2p-specific recep-
tor, Vac17p, is a peripheral membrane protein that associates
with the vacuole membrane through interaction with Vac8p,
producing a Vac8p–Vac17p–Myo2p transport complex [36]. A
similar tripartite complex, Rab27a–melanophilin–MyoVa, is
required for the myosin Va-driven transport of melanosomes in
mammalian melanocytes [16]. Since Inp2p is a membrane-
spanning protein, it would be interesting to investigate whether
Inp2p functions alone as the receptor linking Myo2p to
peroxisomes or is part of a protein receptor/adaptor complex
in the peroxisomal membrane. Moreover, it would be interest-
ing to determine if Inp2p is confined to a particular lipid
environment suited to withstand the pulling force of Myo2p on
the peroxisomal membrane, as has been proposed for the
Vac8p-associated lipid domain present in the vacuolar mem-
brane [50].
The maximal velocity achieved by peroxisomes in their
transit towards the bud was found to be 0.45 μm/s [5]. Interest-
ingly, the same motor, Myo2p, moves vacuoles at a velocity of0.1–0.2 μm/s [50], secretory vesicles at 3 μm/s [28], and
microtubule ends at 1.22 μm/s [51]. The biochemical kinetics of
class V myosins are regulated by external load [21]. Therefore,
the differences in the velocities with which Myo2p carries
various intracellular structures most probably reflect the
different drags associated with the transport of cargoes having
different shapes and sizes [50].
There are several yeast organelles whose specific receptors
for class V myosins, Myo2p or Myo4p, have yet to be dis-
covered, including late Golgi elements [1], secretory vesicles
[35] and cortical ER [25]. The common features shared by
Inp2p and Vac17p might prove useful for identifying these
organelle-specific receptors. For example, both Inp2p and
Vac17p contain two predicted coiled-coil domains that are
each about 30 amino acid residues in length [5,19].
Interestingly, mathematical models predict that an elastic
coiled-coil connection between a myosin V and its bulky
cargo results in a requirement for much reduced forces
generated by myosin to allow cargo to follow the motor
movements without delay [52]. Moreover, such a pliant link is
beneficial, since it transiently absorbs the abrupt mechanical
transitions of the motor molecule and, at the same time,
imposes a regular gait on the motion of the myosin V motor
[52]. Therefore, coiled-coil domains may represent a feature
common to all organelle receptors for class V myosins. In
support of this prediction, tandem coiled-coil domains of
about the same size as the ones found in Inp2p and Vac17p
were also found in melanophilin [53].
In addition, the levels of mRNA encoding Inp2p and Vac17p
[38] and the levels of the proteins themselves oscillate during
the cell cycle in patterns that parallel the segregation of
peroxisomes and vacuoles, respectively. If assembly/disassem-
bly of transport complexes is a general mechanism that
regulates organelle positioning, one could predict the mRNA
and protein profiles of an organelle-specific class V myosin
receptor by analyzing the dynamics of that organelle during the
cell cycle. For example, since late compartments of the Golgi
are polarized in G1-arrested cells [1], in contrast to what is
observed for peroxisomes and vacuoles, a very different profile
is expected for the late Golgi receptor for Myo2p compared to
the profiles for Inp2p and Vac17p.
Inp2p appears to be devoted solely to linking Myo2p to
peroxisomes. Inp2p is not involved in the metabolic functions
of peroxisomes, since inp2Δ cells are able to grow in oleic
acid-containing medium with essentially the same kinetics as
wild-type cells (our unpublished observations). Peroxisomes
in cells lacking Inp2p are also able to efficiently import
proteins targeted by either PTS1 or PTS2. Probably, the
fluctuating levels of Inp2p on peroxisomes, which ensure
their delivery to correct intracellular locations at the right
time, makes Inp2p unsuitable for performing any metabolic
or biogenic functions that have to be coordinated with
different environmental conditions rather than the timing of
the cell cycle and peroxisome positioning. Similarly, Vac17p
does not seem to perform any other function apart from being
the adaptor molecule for Myo2p on the vacuolar membrane
[43].
1675M. Fagarasanu et al. / Biochimica et Biophysica Acta 1763 (2006) 1669–16773.4. How do Inp1p and Inp2p coordinate their actions?
Except for subtle differences, overproduction of Inp1p yields
the same phenotype as the lack of Inp2p, i.e. buds devoid of
peroxisomes. Conversely, redistribution of the entire peroxi-
some population to daughter cells is observed in cells
overproducing Inp2p, as well as in cells lacking Inp1p. Inp1p
and Inp2p are therefore two key regulators of peroxisome
inheritance with apparently antagonistic functions. Inp1p was
shown to anchor peroxisomes at the mother cell cortex [4].
However, its function can apparently be overcome by over-
production of Inp2p, a condition which results in all peroxi-
somes being transferred to daughter cells. On the other hand,
Inp2p links peroxisomes to the acto-myosin translocation
machinery that transports peroxisomes to the bud [5]. This
bud-directed transport of peroxisomes becomes inefficient
when Inp1p is overabundant, which causes all peroxisomes to
assume static cortical positions within the mother cell. Thus,
overproduction of one protein negates the function of the other.
However, no interaction has been detected between Inp1p and
Inp2p in a yeast two-hybrid system [5]. These observations
suggest that there is a tug-of-war for peroxisomes between the
Inp1p-dependent anchoring system and the Inp2p–Myo2p
transport system that determines the fate of individual
peroxisomes during the cell cycle (Fig. 1). Consistent with
this scenario is the observation that the effects caused by
overexpression of either INP1 or INP2 are augmented by the
lack of the other gene [5].
Interestingly, lack of Inp1p often results in the complete
transfer of peroxisomes to the growing bud [4], presumably in
an Inp2p-dependent manner. This suggests that, even though
Inp2p is preferentially loaded onto a subset of peroxisomes, all
peroxisomes contain sufficient quantities of Inp2p to promote
their Myo2p-driven movement in the absence of an opposing
force. In wild-type cells, the fine-tuning of the counteracting
function of Inp1p would result in the retention of about half of
peroxisomes in the mother cell.
An interplay between Inp1p and Inp2p is likely to occur in
the bud as well as in the mother cell. Initially, after peroxisomes
are transferred to the bud, they cluster at the bud tip through the
interaction of Inp2p and Myo2p. Later in the cell cycle,
peroxisomes start to lose their preference for sites of growth and
begin to attach to the bud cortex in an Inp1p-dependent manner.
Therefore, there is a transfer of peroxisomes from the Inp2p-
containing translocation machinery to the Inp1p-dependent
anchoring system, a process that is opposite to the one that
dislodged peroxisomes from the mother cell cortex in the first
place. Presumably, this transfer is triggered by the down-
regulation of Inp2p, which releases Myo2p from peroxisomes.
Consistent with this, at cytokinesis, only those peroxisomes that
are dragged by Myo2p back to the mother–bud neck region
contain detectable amounts of Inp2p [5]. A tug-of-war, similar
to the one predicted for the mother cell, between Inp1p and
Inp2p might determine whether a peroxisome becomes
cortically anchored or remains attached to Myo2p within the
bud. When Inp2p is downregulated, Inp1p swings the balance of
such a molecular “contest of strength” towards the establishmentof peroxisome–cortex connections. As an alternative to the tug-
of-war model, upon Inp2p degradation, peroxisomes are
released from Myo2p and, whenever their random movement
would bring them to the cell cortex, they would be captured by
the cortical anchor through its interaction with Inp1p. Regardless
of the mechanism, it is not known if the cortical capture of
peroxisomes occurs throughout the bud cortex or at discrete
locations on the cortex (Fig. 1).
4. Concluding remarks
Peroxisome inheritance in S. cerevisiae is a well ordered and
tightly regulated process consisting of three individual events
that overlap partially in time: (1) the retention of a subset
population of peroxisomes in the mother cell, (2) the ordered
movement of the other portion of the peroxisome population to
the forming bud and (3) the retention of transferred peroxisomes
within the bud. The precise control of these three events is
crucial to the proper distribution of peroxisomes to a budded
cell. A stochastic segregation of peroxisomes in a cell that
divides by budding would be a very ineffective process. That
this is the case can be seen from cells deleted for both the INP1
and INP2 genes in which peroxisomes are left without any
means of anchoring to the cell cortex or any possibility of
attaching to the translocation machinery, which results in a
random distribution of peroxisomes between mother cell and
bud. As expected, inp1Δ/inp2Δ cells exhibit a significant
number of buds devoid of peroxisomes [5].
5. Future questions
Several important questions regarding peroxisome inheri-
tance and dynamics in S. cerevisiae remain to be answered:
1. What is the nature of the cortical anchor to which pero-
xisomes attach?
2. Are the division and retention of peroxisomes intrinsically
related? Does Inp1p associate with different protein com-
plexes to function in these two processes?
3. Organelle inheritance and cell cycle events need to be
coordinated. How is this coordination established and
maintained? What is the nature of the interplay between
Inp1p and Inp2p? What advantage is the oscillation of Inp1p
during the cell cycle? How is the oscillation of Inp1p
coordinated with fluctuations in the levels of Inp2p? What is
the degradation machinery responsible for the turnover of
Inp1p and Inp2p, and how is it regulated? Is the degradation
of Inp1p and Inp2p linked to progression through the cell
cycle, or is it regulated by partitioning peroxisomes between
mother cell and bud? How is Inp2p loaded onto only a subset
of peroxisomes? Is Inp1p loaded evenly on different
peroxisomes? Are Inp1p or/and Inp2p functions regulated
by post-translational processes like phosphorylation, or do
their synthesis and turnover alone regulate their activities?
4. Inp1p is a peripheral membrane protein of peroxisomes. What
is the docking site for Inp1p on the peroxisomal membrane? In
contrast to Inp1p, Inp2p is an integral membrane protein of
1676 M. Fagarasanu et al. / Biochimica et Biophysica Acta 1763 (2006) 1669–1677peroxisomes. Is Inp2p part of a Myo2p receptor complex on
the peroxisomal membrane or does it function alone as the
peroxisomal Myo2p receptor?
5. Orthologs of the Inp proteins are present in other fungal species.
Do they function similarly or differently to S. cerevisiae Inp1p
and Inp2p?
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